Drosophila mojavensis adults, which breed and feed on necrotic cacti, show an increase in longevity when exposed to atmospheric ethanol. The increase in longevity is accompanied by retention of mature ovarioles and is independent of diet. Differences in longevity among strains from different localities were detected for females. Strains from Arizona and Sonora, Mexico, showed the greatest increase in longevity, while strains from Baja California, Mexico, showed the least increase. These differences may be controlled by the alcohol dehydrogenase locus, the octanol dehydrogenase locus, and modifier genes, because the adult response is correlated with the frequency of alcohol dehydrogenase alleles, as well as second chromosomal inversions containing the octanol dehydrogenase locus. The longevity response is also consistent with the more uneven distribution and availability of the host plant in Arizona and Sonora, Mexico.
The tolerance of Drosophila melanogaster to environmental alcohol and the maintenance of genetic polymorphism at the alcohol dehydrogenase (ADH) locus are presently under intense investigation. Studies have focused on the relationship of the ADH gene and genotypes to ethanol tolerance of D. melanogaster populations found in various parts of the world (1-7). Furthermore, the gene product of the ADH locus has been studied (3, (8) (9) (10) and characterized with respect to specific activity, substrate specificity, heat stability, and pH optima and sensitivity.
Genetic modification of ADH activity has been suggested (2, 7, 9, 11, 12) . The general picture that emerges is that the alleles at the ADH locus are under the influence of natural selection, yet subject to background modification when environmental stress is great.
The present paper demonstrates a diet-independent increase in longevity in Drosophila mojavensis Patterson and Crow on exposure to alcohol vapors. The longevity response is correlated Abbreviations: ADH, alcohol dehydrogenase; F and S, electrophoretically fast and slow ADH forms, respectively; Adh-F and Adh-S, alleles of alcohol dehydrogenase locus whose products are F and S forms of (20) . It is capable of growth on vitaminfree medium and has rapid growth when ethanol is the sole carbon source. Kloeckera apiculata is frequently found associated with drosophila but cannot live on vitamin-free medium and does not utilize ethanol when it is supplied as the sole carbon source (21) . Therefore, the feeding of K. apiculata affords a second control for assessing the ability of C. krusei in extending the longevity of the adults in an ethanol atmosphere. Ten adults (equal numbers of each sex) from each of the three groups of fed flies were placed in treatment vials of 0.0, 2.0, and 4.0% ethanol. All vials, cotton, cheesecloth, and treatment solutions were sterile at the beginning of the experiment. The experiment was conducted with both strain A300 and strain A240.
The remaining adults in the 4.0% ethanol experiment with strain A240 were sacrificed after 6 days and assayed for external and internal yeast flora. Adults from the original fed treatment group (i) had no associated yeasts, whereas adults from C. krusei (ii) and K. apiculata (Wi) fed groups yielded colonies of the yeast they were given initially. The replicated experiment using strain A300 was carried out to completion. The results indicated no differences between vials within treatment groups; therefore replicates were pooled. An analysis of the pooled data is given in Table 1 and depicted in Fig. 2 . The interaction between ethanol treatment and feeding treatment is significant (a = 0.05) and obviously due to the response of the C.-kusei-fed flies as compared to the other two (see Fig. 2 ). In any event, the differences are not striking and the significant positive response of the flies fed dead yeast negates the hypothesis that live yeasts are responsible for the observed significant increase in longevity for flies exposed to ethanol fumes. Table   2 .
In order to correct for inherent differential longevity among strains in control vials, the mean longevities of the 2.0 and 4.0% treatments were divided by the mean longevity of the corresponding control (0.0% treatment) vial. The average longevity for all controls was 190.32 hr (7.93 days). The relative increase in longevity for each strain was used in a 3-way analysis of variance (Table 3 ). The significant subrace by sex interaction is a result of the males of the Baja subrace having a larger relative longevity than the females (1.59 and 1.30, respectively), while the males of the Arizona-Sonora subrace have a smaller (3, 10) . Ingel heat sensitivity tests were conducted with D. mojavensis by simultaneously immersing gel slices in a hot water bath (450). The slices were removed after 3, 7, and 11 min and stained for ADH activity. The results are given in Fig. 4 . The activity of the Adh-F product was reduced after 7 min and almost lost after 11 min at 45°. Acidity tests on enzyme activity were conducted with Tris-HCI straining buffers adjusted to pH 4.5, 6.0, and 8.5 with 0.1 M HCL. The reaction rate of Adh-F product was reduced at pH 6.0 and 4.5, but no difference in total activity was detected between the fast and slow forms.
DISCUSSION
Because many Drosophila species are associated with fermentative organisms, such as yeasts, it is expected that they should evolve -systems to cope with the physiological stress imposed by the by-products of fermentation. There are four ways by which a species could cope with substrates containing alcohol. The first obvious method would be to avoid alcohol-rich substrates in preference for nonalcohol media. The exclusion of D. simulans from collections during vintage in the area of The frequency of Adh-F was negatively correlated with the response to alcohol treatments of 2.0 and 4.0% (r = -0.633 and -0.554, respectively). Even though the longevity response of subraces is correlated with the alleles at the ADH locus, more loci may be involved (2, 23) . The ADH locus is located on the third chromosome of D. mojavensis (25) ; however, the frequency of the ST arrangement of the third chromosome was not found to be correlated with the response of strains to ethanol treatments of 2.0 and 4.0% (r = -0.131 and 0.004, respectively). The frequency of the LP arrangement on the second chromosome was found to be correlated with the response to ethanol treatments of 2.0 and 4.0% (r = -0.694 and -0.713, respectively). The octanol dehydrogenase locus is located on the 2nd chromosome (25) and could be responsible for this observed correlation. The second chromosome could contain modifier or regulator genes that respond to environmental ethanol.
